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ABSTRACT

Obijective: Haplophyllum myrtifolium Boiss. an endemic species for Tiirkiye, belongs to the
Rutaceae family. In this study, antioxidant and antimicrobial effects of n-hexane and methanol
extracts of the aerial parts plant were examined.

Material and Method: The total phenolic content of the extracts was examined by a
spectrophotometric method using Folin-Ciocalteu reagent (FCR). The DPPH free radical
scavenging and ABTS test were applied to determine the antioxidant effect. The antibacterial effects
of H. myrtifolium extracts were assayed against Staphylococcus aureus ATCC 29213, Bacillus
subtilis NRRL B478 and Enterococcus faecalis ATCC 51299 by the broth microdilution method.
Result and Discussion: The total phenolic content was found to be 44.69+0.021 mg GAE/g for the
methanol extract. The methanol extract of H. myrtifolium exhibited higher antioxidant activity (ICso
0.120+0.0008 mg/ml) compared to the n-hexane extract (ICso 0.256+0.015 mg/ml). ABTS test
results, the data closest to the TEAC standard was seen in methanol extract (1.783%0.0062 mM).
The minimum bactericidal concentrations of the H. myrtifolium methanol extracts varied between
0.125-2 mg/ml and the n-hexane extracts showed antimicrobial activity with the 3 mg/ml
concentration.

Keywords: Antimicrobial activity, antioxidant activity, Haplophyllum myrtifolium, total phenolic
content

0z

Amag: Haplophyllum myrtifolium Boiss. Tiirkiye'yve 6zgii bir tiir olup, Rutaceae familyasina aittir.
Bu ¢alismada, toprak iistii kisimlarimin metanol ve n-hekzan ekstrelerinin antimikrobiyal ve
antioksidan etkileri arastirilmigstir.

Gerec ve Yontem: Toplam fenol i¢erigi, gallik asit esdegeri (GAE) olarak Folin-Ciocalteu reaktifi
(FCR) kullamilarak belirlenmistir. Antioksidan etkiyi belirlemek icin DPPH ve ABTS testi
uygulanmigtir. H. myrtifolium ekstrelerinin antibakteriyel etkileri Stapylococcus aureus ATCC
29213, Bacillus subtilis NRRL B478 ve Enterococcus faecalis ATCC 51299'a karst broth
mikrodiliisyon yontemiyle test edilmigtir.

Sonu¢ ve Tartisma: Metanol ekstresi icin toplam fenolik icerik 44.69+0.021 mg GAE/g olarak
bulundu. H. myrtifolium metanol ekstresi, n-hekzan ekstresine (ICso 0.256+0.015 mg/ml) kiyasla
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daha yiiksek antioksidan aktivite (ICso 0.120+0.0008 mg/ml) gosterdi. ABTS test sonuglarina gére
TEAC standardina en yakin veri metanol ekstrelerinde (1.783+0.0062 mM) goriildii. H. myrtifolium
metanol ekstrelerinin minimum bakterisidal konsantrasyonlart 0.125-2 mg/ml arasinda degisirken,
n-hekzan ekstreleri 3 mg/ml konsantrasyonda antimikrobiyal aktivite gostermistir.

Anahtar Kelimeler: Antimikrobiyal aktivite, antioksidan aktivite, Haplophyllum myrtifolium,
toplam fenolik icerik

INTRODUCTION

The Rutaceae family is defined worldwide by 319 genera and 6659 species. It is distributed across
Africa, the Arabian Peninsula, the Tropical Indian subcontinent of Asia, and Eastern Europe [1]. In
Tiirkiye, the family is represented by 25 species and 4 genera: Citrus L., Haplophyllum A. Juss,
Dictamnus L., and Ruta L. [2].

Haplophyllum genus was mentioned in the book Flora of Turkey and East Aegean Islands with a
total of 19 taxa including 14 species, 3 varieties, and 2 subspecies, 8 of which are endemic [3]. In the
book Vascular plants, Adil Giiler mentioned 9 species, 6 of which are endemic [4]. Tugay and Ulukus
(2017) introduced H. sahinii Tugay & Ulukus, and Ulukus and Tugay (2018) introduced H. ermenekense
Ulukus & Tugay endemic species [5-6]. The genus with a high rate of endemism is an important gene
center for Tiirkiye. It is popularly known as “Sedo” [2].

Townsend, 1967, who examined the plants of this genus botanically, defined it as a difficult genus
in their book Flora of Turkey and, as many species have characteristic facies that are difficult to express
in words. They are semi-shrub-like perennial plants with woody lower part and herbaceous upper part.
It has 5 petals that range from white to yellow. It has a bracteate cymose flower state. There are 10
stamens with hairy filaments. It has capsule-shaped fruits. It is a plant that grows in sandy, stony and
rocky areas at altitudes of 750-2150 m [7].

The genus, which has a wide distribution throughout the world, is widespread distributed from
China to Spain, from the North Caucasus to Iran, Irag, and Somalia. It has traditional use in various
diseases in Oman, Sudan, Algeria, Irag, Saudi Arabia, Egypt, Iran, Tiirkiye and Mongolia. It has been
reported that plants in the Haplophyllum genus are used in a wide multiplicity of diseases such as
malaria, diarrhea, fever, headache, arthritis, GIS disorders, anemia, skin disorders, gynecological
disorders, diabetes, otitis, dermal wounds, allergic rhinitis, asthma [8-16]. According to the evaluation
results, whole plants, leaves, fruiting or flowering parts of the plants were used as decoction, infusion,
juice, and paste [10,12-14,16]. Additionally, ethnobotanical information on Haplophyllum species is
crucial for future studies, and these plants are commonly used in traditional medicine in numerous
countries.

According to the results of the phytochemical study, Haplophyllum species contain essential oils,
alkaloids, lignans, coumarins, flavonoids, and terpenes as secondary metabolites [8-12,17-21]. The
essential oil has been obtained by various extraction methods using herbs, flowers, leaves, and fruits of
plants. According to the analysis results, the main compound classes were classified as terpenic
compounds [8-10,20-22].

In a study, it was showed that except the water extract of H. myrtifolium, other extracts had
anticholinesterase, antityrosinase, antiglucosidase and antiamylase activities [23]. The antitrichomonal
effect of H. myrtifolium was investigated against T. vaginalis trophozoite; its ethanol extract and
skimmianine were found effective against it [24]. Due to the chemical content, some Haplophyllum
species such as H. patavinum L., H. tuberculatum Juss., H. hispanicum Spach, H. suaveolens and H.
buxbaumii are used as antimicrobial, antimalarial, insecticidal in folk medicine [11,16,25,26].

Since many Haplophyllum species have important pharmacological properties, their use in
traditional medicine has a long history in many countries. The antioxidant and antimicrobial activities
of Haplophyllum species have been investigated by many researchers using different methods. However,
studies on H. myrtifolium, an endemic species, are limited. It is crucial to assess its antibacterial and
antioxidant activity based on knowledge on its internal and exterior applications related to its
ethnobotanical features. Additionally, it is anticipated that the findings about H. myrtifolium will serve
as the foundation for further pharmacological analyses. In this study, the antimicrobial and antioxidant
effect of the endemic H. myrtifolium plant, considered as a potential natural resource, were searched.
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MATERIAL AND METHOD
Plant Material

H. myrtifolium was collected from Seyitgazi, Eskisehir on May 30, 2022. Plant samples are kept
in the Herbarium of Anadolu University Faculty of Pharmacy (ESSE 16362).

Preparation of Extracts

The aerial parts of the plant weighed 10 grams each. 100 ml of hexane (yield 10.1%) and methanol
(yield 20.9%) were added and macerated at 150 rpm for 24 hours. This process was repeated three times.
It was evaporated with an evaporator at 40°C. The extracts were kept in the refrigerator at +4°C.

Determination Total Phenolic Content

The total phenolic content of extracts was measured as gallic acid equivalent by Folin-Ciocalteu
method [27].

Determination of DPPH Scavenging Effect

The method developed by Kumarasamy et al. was used for the determination of DPPH (1,1-
diphenyl-2-picrylhydrazyl) radical scavenging effect [28]. Gen5 Data Analysis program (BioTek) was
used for statistical evaluations. Results are given as mean + standard deviation. For radical scavenging
activity, 50% inhibition concentration value (1Cso) was estimated and the formula was used for the %
inhibition value.

I1Cs = [(Ao-Al) /Ao)] x 100

ICs0: 50% inhibitory concentration, Ao: control absorbance, A:: sample absorbance

Determination of ABTS*" Scavenging Effect

The experiment was performed using the standard Trolox equivalent antioxidant capacity method
(TEAC) [29]. This method involves scavenging the ABTS®" (2,2'-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid radical cation) and its comparison with Trolox.

Antimicrobial Activity

The antimicrobial broth microdilution method was employed to assess the Minimum Bactericidal
Concentration (MBC) of extracts against standard bacteria species. According to the Clinical and
Laboratory Standards Institute (CLSI) in 1999, the determination of MBCs involved identifying the
lowest doses necessary to kill 99.9% of the bacterial inoculum [30].

The plant extracts were dissolved in DMSO and prepared by using a two-fold serial dilution
technique in a 96-well microplate. The concentrations ranged from 4000 pg/ml to 1.95 pg/ml.
Microorganisms were standardized against the McFarland 0.5 reference (1x10® cfu/ml) and then
bacterial suspensions were diluted 1:100 [31]. Subsequently, firstly 100 pl of each microorganism
culture and extracts were added to the plates, which incubated at 37°C for 24 hours. The microorganisms
used in the experiment are given in Table 1. Chloramphenicol was used as the standard control, and
MHB (Mueller Hinton Broth) medium was used for sterility control. After incubation, 20 pl of 0.01%
resazurin dye solution was added to each well. This staining step was performed to differentiate between
live and dead cells, with the color change from blue (or green) to pink indicating cell viability. The
experiment was conducted in triplicate and the resulting data were later subjected to averaging.

Table 1. Standard test microorganisms

Staphylococcus aureus ATCC 29213

Bacteria Bacillus subtilis NRRL B478

Enterococcus faecalis ATCC 51299
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Statistical Analysis

The average + SD of three replicates for every sample was used to present the results. The DPPH
techniques' 1Cso values were determined by the use of linear regression analysis. Test findings for ABTS
are reported in millimolar (mM).

RESULT AND DISCUSSION

The antioxidant capacity of two different extracts of H. myrtifolium obtained by DPPH and ABTS
methods and total phenolic substance content are given in Table 2. The extracts showed differences in
their total phenol content and antioxidant capacity depending on the solvent polarity. The effective dose
for both extracts was observed to be 2.5 mg/ml. The methanol extract of H. myrtifolium showed higher
antioxidant activity (ICsp 0.1207+0.0086 mg/ml) compared to the n-hexane extract (ICsp 0.256+0.0150
mg/ml). According to ABTS test results, the data closest to the TEAC standard was seen in methanol
extract (1.783+0.0062 mM). Total phenol content was measured using gallic acid equivalents (GAE).
The total phenolic content was 44.69+0.021 mg GAE/g for the methanol extract. On the other hand, the
n-hexane extract contained 37.59+0.007 mg GAE/g of total phenols, indicating a lower content
compared to the methanol extract. These results confirm a correlation between the total flavonoid
content and antioxidant activity.

Table 2. Antioxidant activity and total phenolic contents of extracts

Total phenolic

Extracts and standart

content-mg GAE/g

DPPH Test-1Cso

ABTS Test-TEAC

extract (mg/mi) (mM)
Methanol 44.69+0.0210 0.1207+0.0086 1.78340.0062
n-Hexane 37.59+0.0072 0.2560+0.0150 1.5124+0.0096
Gallic acid (GA) - 0.001620.0001 2.93+0.03

In the study conducted by Zengin et al., total phenol content, DPPH and ABTS tests were applied
to the extracts of H. myrtifolium. Total phenolic content was found in for methanol (34.53 mg GAE/g
extract), and petroleum ether (32.32 mg GAE/g extract) extracts. DPPH radical scavenging activity (mg
TE/g extract) was listed as follows: methanol 84.49+2.59> water 82.42+4.53> ethyl acetate 67.45+
2.94> petroleum ether 43.77+0.83. The ABTS radical scavenging effect was found for methanol 169.77
mg TE/g extract, and petroleum ether 129.30+1.95 mg TE/g extract [23]. Total phenol content of
methanol extract of H. myrtifolium (HM-1 and HM-2, Konya) collected from two different localities
was calculated as 48.0+0.4 mg GAE/g extract for HM-1 and 56.1+0.8 mg GAE/g extract for HM-2. %
inhibition values of ABTS activity were measured as 76.5% for HM1 and 71.1% for HM-2. % inhibition
of DPPH activity was observed to be more than 80% for HM-1 and HM-2 [32]. It is observed that the
antioxidant effect and total phenol content of extracts prepared with various solvents from plants
collected in different localities vary.

Antimicrobial Activity

The MBC values for plant extracts are listed in Table 3. The MBC values of the H. myrtifolium
methanol extracts varied between 125-2000 pg/ml and the n-hexane extracts showed antimicrobial
activity only on E. feacalis with the 3000 pg/ml concentration and 750 pg/ml on S. aureus. According
to the MBC values n-hexane extracts of H. myrtifolium exhibited poor antimicrobial activity with high
concentrations. As a result, only the S. aureus is more sensitive than other bacteria species.
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Table 3. MBC values of Haplophyllum myrtifolium extracts (ug/ml)

Extracts and standards E. feacalis S. aureus B. subtilis
Methanol 2000 125 250
n-Hexane 3000 750 -

Chloramphenicol 125 0.97 15.6
-2 No activity

Studies on the Rutaceae family suggest that this family exhibits antileishmanial effects due to its
alkaloid and terpenic compound content [33]. For this reason, when this effect of the endemic H.
myrtifolium extracts and two isolated alkaloid compounds (Skimmianine and Gamma-fagarine) were
investigated, it was reported that they exhibited more than 50% inhibition against promastigotes of
Leishmania tropica at a concentration of 25 pg/ml [34]. The fact that it showed a significant effect in
terms of biological activity led us to plan new studies to investigate this plant further.

In the study conducted by Ashfaq et al., when the antimicrobial activity of various extracts
obtained from endemic H. gilesii was investigated using the agar well diffusion method, methanol
extract showed significant antibacterial activity especially against S. aureus and E. faecalis [35]. The
limited number of studies conducted on H. myrtifolium, an endemic plant, reveals the originality of our
study.

In the study conducted by Al-Saeghi et al., when the antimicrobial activity of the methanol extract
and its subfractions of H. tuberculatum was tested against various strains using the agar disk method, it
was observed that the activity was similar between different solvents and showed moderate inhibition
against the applied strains [36]. In our study, although the methanol extract was more active than the n-
hexane extract, the methanol extract exhibited low antibacterial activity. It is thought that this difference
may have changed due to the different preparation methods and methods used. For this reason, there is
a need for a more comprehensive evaluation of the antimicrobial studies on this plant.

Conclusion

Numerous pharmacological actions were present in Haplophyllum species, including
acetylcholinesterase inhibitory, cytotoxic, cardiovascular, insecticidal, antiprotozoal, molluscicidal,
antioxidant, and antimicrobial properties [37]. This study was interested in the antioxidant and
antimicrobial effect of H. myrtifolium to find new natural sources. It contributed to the literature due to
the limited antimicrobial studies on H. myrtifolium. This study provided valuable scientific data to the
literature and showed that methanol extracts of H. myrtifolium may have antibacterial properties. The
antioxidant study findings show a parallel relationship between the total phenolic content and
antioxidant activity of H. myrtifolium extracts. Detailed and comparative studies on this species are
planned for future studies.
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